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http:WHAT THIS PAPER ADDS
The chimney technique in the aortic arch is thought to be a bailout option based on the currently commercial
available devices in emergent cases. Nevertheless, there are scarce data available to prove its safety and efﬁcacy
as a routine assistive technique in the thoracic endovascular aortic repair (TEVARs) involving the aortic arch. In
this study, we summarise the initial experience from our centre of the chimney technique in TEVARs of type B
aortic dissections. This may be beneﬁcial to the accurate assessment of this technique applicability.Objectives: We summarised the data performed at our centre to evaluate the feasibility of the chimney
technique in type B aortic dissections (ADs) with supra-aortic vessel involvement.
Methods: From September 2006 to December 2011, 34 thoracic endovascular aortic repairs (TEVARs) for ADs
were performed combined with reconstruction of the arch branches with chimney stents (innominate artery, IA,
n ¼ 3; left common carotid artery, LCCA, n ¼ 8; left subclavian artery, LSA, n ¼ 23). Indications for these chimney
stents included an inadequate proximal landing zone (<1.5 cm); high surgical-risk patients who are not suitable
for open repair or hybrid procedures; and emergent endovascular repair of ADs. The series consisted of 13 acute,
12 sub-acute and 9 chronic cases. The right common carotideleft common carotideleft subclavian artery
bypasses were performed in the IA chimney cases to reserve an adequate cerebral perfusion from the LCCA and
left vertebral artery, while the left common carotideleft subclavian artery bypasses were performed in the cases
having dominant left vertebral arteries. All the TEVARs, chimney stents and bypasses were performed as a single
stage. Follow-ups were performed at 3, 6 and 12 months, and yearly thereafter.
Results: Endografts were deployed in Zone 0 (n ¼ 3, 9%), Zone 1 (n ¼ 8, 24%) and Zone 2 (n ¼ 23, 67%). Twenty-
ﬁve (74%) balloon-expandable and 9 (26%) self-expanding stents were used, of which seven (21%) were covered
and 27 (79%) were bare stents. The technical success rate was 82% (28/34). Immediate type I endoleaks were
observed in ﬁve patients (5/34, 15%), all of which underwent bare chimney-stent repairs. Three self-expanding
chimney stents were compressed by endografts and another balloon expandable stent was deployed inside the
ﬁrst one. Five patients underwent surgical bypasses (RCCAeLCCAeLSA, n ¼ 3; LCCAeLSA, n ¼ 2). Perioperative
morbidity included one ST-elevation myocardial infarction. No perioperative death or stroke was observed. The
mean follow-up was 16.3 months (range, 3e60 months). Primary patency was maintained in all the chimney
stents as well as the surgical bypasses. No stent fracture or recurrent chimney-related endoleak was observed
during the follow-up period.
Conclusions: In repairs for type B ADs, the chimney technique provides a minimally invasive way of preserving
ﬂow to the arch branches combined with a favourable mid-term outcome. The bare stents seemed to be related
to a higher probability of the immediate type I endoleaks. A balloon-expandable stent should be regarded as the
ﬁrst choice due to its greater radial strength.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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//dx.doi.org/10.1016/j.ejvs.2013.02.016stent grafts, scallop stent grafts, branched stent grafts and
chimney stents to achieve the arch branch preservation.
Limited by the evolution of the devices and the complex
procedural techniques, the fenestrated or scallop stent grafts
and the branched stent grafts for aortic arch repairs are still
under investigation and custom-made devices based on
individual anatomic characteristics are required.1e4 The
chimney technique was originally applied to permit
continued branch perfusion of the visceral arteries in the
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and in recent years, increasingly used in aortic arch
repairs.6e14 The chimney technique in the aortic arch is
thought to be a bailout option based on the current
commercial available devices in emergent cases. Neverthe-
less, there are scarce data available to prove its safety and
efﬁcacy as a routine assistive technique in the TEVARs
involving the aortic arch in AD cases. In this study, we
summarise our initial experience to evaluate the feasibility of
the chimney technique in type B ADs involving the aortic arch.
METHODS
From September 2006 to December 2011, 338 TEVARs were
performed in our centre, of which 34 type B AD cases
(Table 1) involving the aortic arch underwent the aortic
repairs combined with arch-branch reconstruction with
chimney stents (innominate artery, IA, n ¼ 3; left common
carotid artery, LCCA, n ¼ 8; left subclavian artery, LSA,
n ¼ 23). The mean age of this group was 65.7  2.9 years.
Twenty-six of the 34 patients weremale. Indications for these
chimney stents included the proximal landing zone of the
thoracic endograft being shorter than 1.5 cm; the high
surgical-risk patients who are not suitable for open repairs or
hybrid procedures; and the emergent endovascular repair of
aortic arch ADs. The 34 ADs consisted of 13 acute, 12 sub-
acute and 9 chronic cases, which were treated due to
visceral arteries’ involvement (mesenteric arteries¼ 9, renal
arteries ¼ 11 and lower-limb arteries ¼ 5) according to
preoperative images in acute and sub-acute dissections or
false lumen aneurysms in chronic cases. Thoracic-aorta
endografts included Talent (Medtronic, Minneapolis, MN,
USA; n ¼ 10), Zenith (Cook, Bloomington, IN, USA; n ¼ 14),
Hercules-T (Microport Medical, Shanghai, China; n ¼ 8) and
Ankura (Lifetech Scientiﬁc, Shenzhen, China; n ¼ 2). The
choices of endograft size were aiming at an adequate sealingTable 1. Clinical demographics of 34 patients in this series.
IA
(n ¼ 3)
LCCA
(n ¼ 8)
LSA
(n ¼ 23)
Total/
mean
Age 65.7  2.9
Gender (M/F) 3/0 6/2 17/6 26/8
Smoking 3 5 13 21
Clinical course of ADs
Acute 0 3 10 13
Sub-acute 2 1 9 12
Chronic 1 4 4 9
Comorbidities
Hypertension 2 5 12 19
CHD 1 2 3
COPD 1 1
Diabetes 3 3
Renal insufﬁciency 1 1 2
Previous history
of aortic surgery
or trauma
1 3 4
IA, Innominate artery; LCCA, Left common carotid artery; LSA, Left
subclavian artery; AD, Aortic dissection; CHD, Coronary heart
disease; COPD, Chronic obstructive pulmonary disease.of the entry site and were generally oversized by 10%.
Chimney stents included Fluency (Bard Tempe, AZ, USA;
n ¼ 7), Express (Boston Scientiﬁc, Natick, MA, USA; n ¼ 23),
Scuba (Invatec s.r.l., Roncadelle, Italy; n ¼ 2) and S.M.A.R.T
Control (Cordis, Bridgewater, NJ, USA; n ¼ 2). Generally, in
the case that a short distance is needed in which the stent
parallels the endograft, the balloon-expandable bare stent is
chosen due to its greater radial strength. Otherwise, the
covered stent is a reasonable choice. A 1-cm overlap
between the endograft and the stent was adequate in most
cases. Preoperative computed tomography angiographies
(CTAs) were performed for diagnosing the ADs and
measuring their dimensions. General anaesthesia and
systemic heparin were used in all cases.
The thoracic endograft was delivered via open common
femoral artery access. LSA and IA chimney stents were placed
via percutaneous left or right brachial artery accesses,
respectively. LCCA chimney stents were placed via open
(n ¼ 2) or percutaneous (n ¼ 6) LCCA accesses. To preserve
the direct perfusion into the left cerebral hemisphere, the
right common carotideleft common carotideleft subclavian
artery (RCCAeLCCAeLSA) bypasses were needed in all the IA
chimney cases. The LCCAeLSA bypass was needed when an
LCCA chimney case has a dominant left vertebral artery. All
the bypasses were performed before the deployments of the
endograft and the stent as a single stage. For the LSA
chimney technique, after the wire accesses were obtained
via the thoracic aorta and arch vessel, angiography was
performed to conﬁrm the deployment position. A long
sheath (6Fe9F) was introduced into the LSA, through which
a super-stiff guide wire was put into the ascending thoracic
aorta, and then the distal end of the long sheath tracked the
guide wire into the aorta and was placed at the branch
ostium. In this way, the ostium would not be totally sealed
during the endograft deployment, and the unremitting blood
ﬂow into the LSA was kept. When the deployment of the
endograft was ﬁnished, a super-stiff guide wire was put into
the ascending aorta along the outer curvature of the aortic
arch through the long sheath in the LSA. Then the chimney
stent was delivered through the guide wire and rapidly
deployed paralleling the endograft.Themanoeuvres in the IA
and LCCA chimney technique were analogous to that in the
LSA. The percutaneous ultrasound-guided LCCA accesses
were recommended to avoid the iatrogenic vascular injury
and the risk of LCCA dissection. In the IA, due to the severe
reduction of cerebral blood ﬂow after endograft deployment,
the chimney stent had to be deployed prior to the endograft.
Completion angiography was performed to evaluate the
positions of both the endograft and chimney stent and the
immediate endoleak. Then angioplasties of the endograft
and the chimney stent were performed when necessary. Coil
(Tornado Embolization Coils, Cook, Bloomington, IN, USA)
embolisations of the proximal LSA were selectively used
aiming to prevent the type II endoleak as a single stage
(Fig. 1). Technical success was deﬁned as achieving an
accurate deployment of the endograft without type I endo-
leak, meanwhile a successful target-vessel revascularisation
without stent compression after the angioplasties of the
Figure 1. Coil embolisation of the proximal LSA.
Y. Zhu et al. 635endograft and the chimney stent. All the patients were
monitored by electrocardiogram (ECG) and enzyme indica-
tors postoperatively for silent cardiac complications. Patients
were routinely administered with Plavix (75 mg daily for at
least 6 months) postoperatively. CTA follow-ups were per-
formed at 3, 6 and 12 months and yearly thereafter. The
primary ‘end’ point was all-cause deaths within 1 year. The
key secondary ‘end’ point included progression of dissection
with need for additional endovascular or open surgical
intervention within 1 year plus chimney-stent restenosis or
occlusion or new-occurred endoleak, which were certiﬁed as
being related to the chimney stent by CTA within 6 months.STATISTICAL ANALYSIS
All available data of all patients reviewed in this series were
included in the analysis. The events were calculated with
frequencies displayed as counts and percentages. The
events data classiﬁed by chimney stent types were analysedTable 2. Demographics of the 34 ADs’ treatment related information
IA (n ¼ 3)
Elective/emergent 3/0
Stent access (Percutaneous/open) 3/0
Stent types
Covered/bare 1/2
Balloon expandable/self-expanding 2/1
Complications
Immediate type I endoleak
Compression of stent
ST-elevation myocardial infarction
Stroke
Stent fracture
Coil embolisation
Surgical bypasses (end to side anastomosis) 3(RCCAeLCCAeby the Fisher exact probability test in a 2  2 table with the
95% conﬁdence bound using the program Statistical
Package for Social Sciences (SPSS) 13.0.
RESULTS
A total of 34 ADs were included in this retrospective study
from September 2006 to December 2011. Details of the 34
chimney stenting and the complications are presented in
Tables 2 and 3.
The endografts were deployed in Zone 0 (the Ishimaru
classiﬁcation,15 n ¼ 3, 9%), Zone 1 (n ¼ 8, 24%) and Zone 2
(n ¼ 23, 67%). Twenty-ﬁve (74%) balloon-expandable stents
and 9 (26%) self-expanding stents were used, of which
seven (21%) were covered stents and 27 (79%) were bare
stents. Coil embolisations of the LSA were performed in
three cases. The technical success rate was 82% (28/34).
Immediate proximal type I endoleaks were observed in ﬁve
patients (5/34, 15%) from the angiogram after chimney-
stent deployments (Table 3). The angiogram showed slight
perfusion into the false lumen or aneurysmal sac. Bare
stents were used in all the ﬁve cases (vs. covered stents,
P ¼ 0.559). Angioplasties were performed in all these cases
and then the endoleaks diminished (n ¼ 3) or disappeared
(n ¼ 2). None of the ﬁve endoleaks existed in the third-
month follow-up CTAs. There were three cases with self-
expanding stents (vs. balloon-expandable stents,
P ¼ 0.014) showing that the stents were compressed by the
endografts at the ostia of the branches. Another balloon-
expandable stent was deployed inside the ﬁrst one in all
the three cases (Fig. 2). Five patients underwent surgical
bypasses (RCCAeLCCAeLSA, n ¼ 3; LCCAeLSA, n ¼ 2).
Perioperative morbidity included one ST-elevation myocar-
dial infarction. There was no perioperative death or stroke
case. The mean follow-up was 16.3 months (range, 3e60
months). Seven patients were lost to follow-up (20.6%)
after the 1-year CTA scans. No aorta-related death was
documented within 1 year. Two non-aorta-related deaths
were documented. One patient died due to congestive
cardiac failure 17 months post-procedure, the other died
due to respiratory failure due to chronic obstructive
pulmonary disease (COPD) 22 months post-procedure. The
primary patency, which was calculated from the date ofin this series.
LCCA (n ¼ 8) LSA (n ¼ 23) Total
7/1 23/0 33/1
6/2 23/0 32/2
4/4 2/21 7/27
4/4 19/4 25/9
1 4 5
2 1 3
1 1
3 3
LSA) 2(LCCAeLSA) 5
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636 European Journal of Vascular and Endovascular Surgery Volume 45 Issue 6 June/2013stenting until the time of death, the last documented
follow-up or the ﬁrst post-stenting intervention for stent
occlusion, was maintained in all the chimney stents as well
as the surgical bypasses. No stent fracture or recurrent type
I endoleak was observed during the follow-up period.DISCUSSION
The chimney stent in type B ADs with aortic-arch involve-
ment serves as the way to restore blood ﬂow in the arch
branches and to extend the length of the proximal landing
zone. This technique uses the current peripheral stents for
branch revascularisation and reduces the inﬂuence from the
anatomical factors as well as the invasion to patients. It is
especially suitable for the emergent cases due to the rela-
tively simple manoeuvre and the fact that there is no need
of the custom-made devices.
Chimney techniques in different branches have different
applicability and risks, respectively. In the Zone 0 TEVARs,
the IA serves as the sole inﬂow vessel to the cerebral
circulation. First, complications of the chimney stent, such
as the stenosis, occlusion, thrombosis or stent fracture, may
lead to a life-threatening result in these patients. Second,
the diameter of the IA is larger than the other two branch
vessels so that a larger chimney stent is required, which is
associated with wider gutters outside the stent. This may
increase the risk of endoleak. Therefore, only if the patient
is unﬁt for an open or hybrid repair, the chimney technique
should not be a preferred choice.
For the LCCA, considering the long-term patency of the
chimney stent, the endograft should not exceed the origin
of LCCA for a long distance. The cases that just require
partial coverage of the LCCA are better candidates.
Different from the IA and LSA, the LCCA stents were deliv-
ered via LCCA accesses. Complications of the puncture sites
should be strictly avoided. Percutaneous ultrasound-guided
accesses can reduce the risk of LCCA dissection or LCCA
occlusion or stroke, which could be secondary to the
iatrogenic vascular injuries. Coverage of the LSA is generally
inevitable in Zone 1 chimney cases. If LSA reconstruction is
necessary, the LCCAeLSA bypass is a more reasonable
choice. Although the double-chimney technique or the in
situ stent-graft-fenestration technique could be considered
as the available ways of LSA reconstruction; the former
increases the risk of endoleak, the latter refers to the slot-
ting in the sealing region, which destroys the integrity of the
endograft and also brings the risk of endoleak. When the
LCCAeLSA bypass is employed, coil embolisation of the
proximal LSA could be performed to prevent the type II
endoleak from the bypass.
Chimney technique in the LSA provides a total endovas-
cular repair method for the Zone 2 TEVARs that require LSA
revascularisation simultaneously. Routine revascularisation
of the LSA in all elective cases has been suggested in the
Society for Vascular Surgery (SVS) practice guidelines16 due
to the increasing evidences showing a higher risk of the left
upper-extremity ischaemia and the vertebrobasilar
ischaemia after LSA coverage,17 which is associated with an
Y. Zhu et al. 637increased risk of paraplegia and stroke. In our experiences,
we also deem that preserving and reconstructing the
branch vessels has more signiﬁcance than their destruction.
In this context, the chimney technique shows its advantages
of less invasion and safety and efﬁcacy in regaining forward
blood ﬂow of the LSA. We had 23 cases of the LSA chimney
in this series. There was no stenosis or occlusion of the
stents observed during the follow-up period, and no stroke
or paraplegia was reported. This favourable result demon-
strated the mid-term reliability of this technique in Zone 2
TEVAR in ADs.
One of the main concerns of the chimney technique is
the risk of proximal type I endoleak. Theoretically, the
gutters among the endograft, the stent and the thoracic
aortic wall become the channel for endoleaks. However, in
this series, we did not ﬁnd newly occurring chimney stent-
related endoleaks in the CTA follow-ups. The speculative
reason may be that the blood ﬂow around the gutters
becomes an eddy; meanwhile, the distal end of the gutters
forms a blind sac. Both of these are conducive to the
formation of thrombi, which could plug the gutters gradu-
ally. The ﬁve cases of immediate proximal type I endoleaks
were dealt with by the balloon angioplasties of both the
aortic graft and the stent. Two of them disappeared then
and the other three remained, but in diminished form. All of
these endoleaks disappeared in the third-month follow-up
CTAs accompanying the absence of new-onset type I
endoleaks in the subsequent follow-ups. Although angio-
plasty could reduce the risk of endoleak, excessive inﬂation
may increase the risk of retrograde dissection in AD cases.
These patients require close follow-ups.
Although the differences in the immediate endoleak
incidence between the bare and the covered stents were
not statistically signiﬁcant (P ¼ 0.559) because of the small
sample size, the fact that all the above endoleak cases chose
the bare stents suggested that the bare stents may be
relevant to the higher probability of immediate proximal
type I endoleaks. This could be explained by the hypothesis
that the space structure of the cross section at the proximal
end of the gutters supplies a high-ﬂow impedance circum-
stance, so that the endoleaks mainly come from the ﬂow via
the meshes of bare stent into the gutters instead of directFigure 2. A balloon expandable stent was deployed inside the comp
expanding stent; b: deployment of a balloon expandable stent in theinﬂux. Nonetheless, the fact that no new-onset endoleak
was found in either the bare or the covered stent groups
during the observation period indicated that there were no
signiﬁcant differences in the mid-term incidences of endo-
leaks between these two choices.
Chimney stent patency is another controversial topic. In
this series, nine of the 34 patients chose self-expanding
stents, three (vs. 0/25 in the balloon-expandable stent
group, P ¼ 0.014) of which were compressed by endografts.
In our observation, the self-expanding stent sometimes
cannot supply an adequate radial strength to resist the
compression from the thoracic endograft and the tortuous
aorta arch. The balloon-expandable stent could be perfectly
deployed by the balloon and get a better ﬁt with the
endograft. However, there has not been any instance of
new occurred stent narrowing, occlusion or fracture in
either the self-expanding or the balloon-expandable stent
group according to the current follow-ups. The deﬁnitive
conclusions about the long-term patency and the most
reasonable choice of different stents need to be conﬁrmed
by longer follow-ups and larger samples of observation.
Different from most of the previous reports,6,7,9e12 we
dealt with a series of type B AD cases. The good outcomes
reported may be mostly due to the lack of aneurysms in this
series. Special attention should be paid to the choice of an
AD patient as a candidate for the chimney technique. This is
mainly because of the interaction among the endograft, the
stent and the fragile aortic wall. There have been reports
showing that the endograft could result in a retrograde AD
after its placement.18,19 It is inferred that the endograft as
a provocative factor, combined with balloon inﬂation, the
fragility of the aortic wall and the natural disease progres-
sion, contributes to the occurrence of a retrograde AD.
From this standpoint, there is potential risk that the
chimney technique may also induce a retrograde type A AD.
The currently available chimney stents are not specially
designed for TEVAR; meanwhile, the interactions of the
thoracic endograft, chimney stent and aortic wall seem to
be more complex in the tortuous arch of a high-velocity
pulsatile status, which may increase the risk of a reoccur-
ring vascular intima tear. Furthermore, anti-platelet therapy
is required after chimney-stent deployment, which hindersressed self-expanding chimney stent. a: Compression of the self-
self-expanding stent; c: completion angiogram.
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vascular remodelling, thus also increasing the risk of
retrograde dissection. Although there has not been any
instance in our series or reported by others, the possibility
should not be excluded because of the limited number of
cases and the short period of observation. Care must be
taken regarding the application of the chimney technique in
AD patients, and close follow-up is needed.
This is a retrospective study based on our single-centre
experience. We did not perform a randomised control
trial regarding the different choices of the chimney stents
and the follow-ups were relatively short. Nevertheless, we
dealt with a series of type B ADs in which most of the
chimney stents were routinely used (33/34). Due to the
absence of large patient cohorts and long-term follow-up
data, the chimney technique in thoracic aortic pathologies,
especially the complex ADs, has not been widely adopted
yet. The phased results in this study may be beneﬁcial to
the accurate assessment of the effect and risk about the
chimney technique in type B ADs.
CONCLUSIONS
In repairs for type B ADs, the chimney technique provides
a minimally invasive way of preserving the arch branches
combined with a favourable mid-term outcome in the
TEVARs of type B ADs. The bare stents seemed to be related
to a higher probability of the immediate proximal type I
endoleaks. Nevertheless, the absence of the later stent-
related endoleaks showed no difference between the bare
and the covered stent groups. A balloon-expandable stent
should be regarded as the ﬁrst choice due to its greater
radial strength although favourable performances in mid-
term patency were observed in both the balloon-
expandable and the self-expanding stent groups. The
experiences of the chimney technique in ADs are still
limited. More evidence-based conclusions are needed to
certify its long-term safety and efﬁcacy in the aortic
dissection patients.
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